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ABSTRACT

Long non-coding RNA LIFR-AS1 is low-expressed in many cancers, but its functions in
papillary thyroid carcinoma (PTC) were not defined and require further study. The relation-
ship between LIFR-AS1 expression and clinicopathological characteristics of patients with
PTC was statistically analyzed. The downregulation of LIFR-AS1 in PTC tissues and cell lines
was predicted by bioinformatics analysis and verified by qRT-PCR. After overexpressing or
silencing LIFR-AST, the regulatory role of LIFR-AS1 in PTC was examined by performing MTT,
colony formation, wound healing, Transwell, ELISA, tube formation and xenograft tumor
experiment. MiR-31-5p and SID1 transmembrane family member 2 (SIDT2) expressions in
PTC tissues or cell lines were detected by qRT-PCR, Western blot, or in situ hybridization. The
relationship between miR-31-5p and LIFR-AS1/SIDT2 was predicted by LncBase, TargetScan or
Pearson correlation test and then verified by Dual-Luciferase Reporter assay, RNA pull-down
assay and gRT-PCR. The regulatory effect of LIFR-AS1/miR-31-5p/SIDT2 axis on the biological
behaviors of PTC cells was confirmed by functional experiments and rescue experiments
mentioned above. The tumor size and lymphatic metastasis were correlated with LIFR-AS1
overexpression. Overexpressed LIFR-AS1 suppressed tumorigenesis in vivo. LIFR-AS1 and
SIDT2 expressions were suppressed in PTC tissues, while that of miR-31-5p was elevated in
PTC tissues. LIFR-AS1 was negatively correlated with miR-31-5p. LIFR-AS1 sponged miR-31-5p
to upregulate SIDT2, thereby inhibiting the viability, proliferation, migration, invasion, and
the secretion of vascular endothelial growth factor (VEGF) of PTC cells and angiogenesis of
human umbilical vein endothelial cells (HUVECs). This paper demonstrates that LIFR-AS1/miR-
31-5p/SIDT2 axis modulated the development of PTC.
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Introduction ) )
on pathogenesis and the metastasis of cancer cell so

as to improve the survival rate of patients.
It has been found that long non-coding RNA

Papillary thyroid carcinoma (PTC) is a common
thyroid malignant tumor and has become one of

the malignant tumors with the fastest rising inci-
dence in many regions in recent years [1,2].
Surgery, the treatment with radioactive iodine-131,
radiotherapy and chemotherapy are the current
measures for the treatment and management for
PTC, which have improved the survival rate of
patients with PTC to a certain extent [L,3].
However, lymph node metastasis will contribute to
a high malignancy of thyroid cancer in some
patients, leading to the recurrence in situ and distant
metastasis of the cancer [4,5]. Therefore, it is of great
clinical significance to further study the mechanism

(IncRNA) exerted the regulatory effects in many
diseases, including cancers, in addition to the dis-
covery which suggested that IncRNA can be used
as a therapeutic target for thyroid cancer [6-8].
Fengshi et al. analyzed the expressions of genes in
thyroid cancer tissues and adjacent tissues and
found 23 abnormally expressed IncRNAs and
mRNAs [9]. Currently, only a few IncRNAs have
been reported to play important roles in the patho-
genesis of PTC. The expression of IncRNA
SLC6A9-5:2 is implicated in the resistance of
PTC to the radioactive iodine [10]. LncRNA
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SNHG12 modulated the biological behaviors of
PTC cells by regulating the Wnt/B-catenin signal-
ing pathway [11].

The role of IncRNA/microRNA (miRNA)/
mRNA axis in thyroid cancer has been widely
researched as well. It is believed in the compe-
titive endogenous RNAs (ceRNAs) hypothesis
that the binding of IncRNA and miRNA can
prevent miRNA from binding to its target
gene and allow the functioning of the target
gene [12]. Dongmei Wu et al. proved that
IncRNA SNGH15/miR-200a-3p/YAP1 axis reg-
ulates the progression of thyroid cancer [13].
Ningheng Chen et al. reported the regulatory
mechanism of IncRNA GAS8-AS1/miR-135b-
5p/CCDN2 axis on the cell cycle and prolifera-
tion of the PTC cell [14]. Hongwei Lei et al.
found that IncRNA TUGI1/miR-145/ZEB1 axis
is involved in the epithelial-mesenchymal tran-
sition (EMT) of PTC cells [15].

Based on the preliminary predictions and
experiments, we found that IncRNA LIFR-ASI
expression was down-regulated in PTC tissues.
LIFR-AS1 has been shown to be low-expressed
in breast cancer, non-small cell lung cancer,
glioma and colorectal cancer, and regulates the
biological behaviors of cancer cells through the
mechanism of ceRNA [16-19]. However, the
role of LIFR-AS1 in PTC has not been reported.
Therefore, this article probed into the pivotal
role of IncRNA LIFR-AS1/miRNA/mRNA axis
in PTC, so as to provide a supplementary
research for the gene therapy of PTC.

Materials and methods
Sample collection

We obtained fresh paired PTC and adjacent
non-tumor thyroid tissues from 52 patients
with PTC who underwent surgery in Hunan
Provincial People’s Hospital, First Affiliated
Hospital of Hunan Normal University. All the
enrolled patients have not received any anti-
tumor treatment before surgery, and they all
signed an informed consent in the written
form. Our study was supported by the Ethics
Committee of Hunan Provincial People’s
Hospital, First Affiliated Hospital of Hunan

Normal  University  (reference  number:
J201607019). The relationship between LIFR-
AS1 expression and the clinicopathological
characteristics of patients with PTC was statis-
tically analyzed.

Cell culture

Human thyroid follicular epithelial cell line
Nthy-ori3-1 (CBP61205) and human PTC cell
lines TPC-1 (CBP60257), IHH-4 (CBP61201),
MDA-T68 (CRL-3353) were purchased from
COBIOER (http://www.cobioer.com/index.html)
or American Type Culture Collection. The cells
were grown in Roswell Park Memorial Institute
(RPMI)-1640 medium (72,400,120, Gibco, USA)
supplemented with 10% fetal bovine serum
(FBS) (10,091, Gibco, USA) and 1% penicillin-
streptomycin (15,140-122, Gibco, USA) in a 5%
CO, incubator (Forma Steri-Cycle, Thermo
Scientific, USA) at 37°C.

Transfection

MiR-31-5p mimic (M, B01001), mimic control
(MC, B04001), inhibitor (I, B03001) and inhi-
bitor control (IC, B04003) were synthesized by

GenePharma (Shanghai, China). Full-length
LIFR-AS1  was synthesized by  Sangon
Company  (https://www.sangon.com/product)

and inserted into pcDNA3.1+ vector (V87020,
ThermoFisher, USA) to overexpress LIFR-ASI,
which was thus designated as the LIFR-ASI1
overexpression vector, and an empty vector
with no insertion served as a negative control.
Vectors (C01001) containing short hairpin RNA
targeting LIFR-AS1 (shLIFR-AS1) and its nega-
tive control vector (C03002, sh-NC) were con-
structed by GenePharma. Small interfering RNA
(siRNA) targeting SID1 transmembrane family
member 2 (siSIDT2; siG000051092B-1-5) used
for the control (siNC) was purchased from
Ribobio (Guangzhou, China). All the oligonu-
cleotide sequences or vectors diluted with Opti-
MEM medium (31,985,062, ThermoFisher,
USA) were transfected into cells by lipofecta-
mine 3000 (L300008, Thermo Fisher, USA) and
cells were then incubated for 24 hours (h). The
efficiency for the transfection was determined


http://www.cobioer.com/index.html
https://www.sangon.com/product

by quantitative reverse transcription polymerase
chain reaction (qQRT-PCR) or Western blot.

Cell processing and grouping

To explore the effect of LIFR-AS1 on PTC, the
cells used in our experiment were divided into
the following five groups: control group (PTC
cells were normally cultured), sh-NC group
(PTC cells were transfected with sh-NC vector),
sh-LIFR-AS1 group (PTC cells were transfected
with sh-LIFR-AS1 vector), NC group (PTC cells
were transfected with pcDNA3.1+ vector), and
LIFR-AS1 group (PTC cells were transfected
with LIFR-AS1 overexpression vector).

To determine the effect of LIFR-AS1 and
miR-31-5p on PTC, the cells used in our experi-
ment was divided into the following four groups:
NC + MC group (PTC cells were co-transfected
with empty vector and miR-31-5p MC), NC +
M group (PTC cells were co-transfected with
empty vector and miR-31-5p M), LIFR-ASI
+ MC group (PTC cells were co-transfected
with LIFR-AS1 overexpression vector and miR-
31-5p MC) and LIFR-AS1 + M group (PTC cells
were co-transfected with LIFR-AS1 overexpres-
sion vector and miR-31-5p M).

To explore the effect of miR-31-5p and SIDT2
on PTC, the cells used the experiment was
divided into the following four groups: siNC +
IC group (PTC cells were co-transfected with
siNC and miR-31-5p IC), siNC + I group (PTC
cells were co-transfected with siNC and miR-31-
5p 1), siSIDT2 + IC group (PTC cells were co-
transfected with siSIDT2 and miR-31-5p IC) and
siSIDT2 + I group (PTC cells were co-
transfected with siSIDT2 and miR-31-5p I).

QRT-PCR

The RNA from tissues or cells was extracted by
Total RNA Extraction Kit (R1200, Solarbio,
China). According to the requirements for the
quantification on the expression of different
genes, the reverse transcription and fluorescent
quantitative PCR was performed using One-Step
qRT-PCR kit (T2210, Solarbio, China) or One-
Step miRNAs qRT-PCR kit (AOMD-QO020,
GeneCopoeia, USA). Glyceraldehyde-3-phosphate
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dehydrogenase (GAPDH) and U6 were internal
controls. The primers are listed in Table 1. The
data were shown by Real-Time PCR Detection
system (CFX96, Bio-rad, USA), and the results
were normalized by the 2742C method [20].

Cell viability

According to the instructions of
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT) assay kit (M1020, Solarbio,
China), we detected the effects of LIFR-ASI,
miR-31-5p and SIDT2 on the viability of PTC
cells. The cells (3 x 10° per well of 96-well
plates) were differently processed based on
experimental requirements mentioned above
and cultured at 37°C for 24, 48 and 72 h. The
supernatant was aspirated, and 90 uL of fresh
culture medium and 10 pL of MTT solution
were added to the plates in sequence. After the
cells were further incubated for 4 h, the super-
natant was removed, and 110 pL of Formazan
dissolving solution was added into the plates.
The absorbance at 490 nm was read by a multi-
function detector (SpectraMax5, Molecular
Devices, USA).

Colony formation

Cells (200 per well of 96-well plates) in different
groups were cultured within the complete med-
ium for 10 d. After that, the cells were fixed
with 4% paraformaldehyde (E672002, Sangon,
China) and stained with crystal violet
(E607309, Sangon, China) sequentially. The
relative colony formations were observed
under an optical microscope (BX53M,

Table 1. Primers and RNA sequences used in this study.

List of oligonucleotide sequences 5->3

Primers for PCR

LIFR-AS1 Forward GCAAATACTGTGTATTAGTCC
LIFR-AS1 Reverse CCGCTTCCTTGTGAAGAAGGT
GAPDH Forward CAATGACCCCTTCATTGACC
GAPDH Reverse TTGATTTTGGAGGGATCTCG
hsa- miR-31-5p Forward AGGCAAGAGGCTGGCATAGC
hsa- miR-31-5p Reverse TGTCGTGGAGTCGGC

SIDT2 Forward ATGAGTTCCCTGAAGGCGTG
SIDT2 Reverse TCTTTGCGCTGTACGGTGAT
U6 Forward CTCGCTTCGGCAGCACA

U6 Reverse ACGCTTCACGAATTTGCGT
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Olympus, Japan) and counted by Image]2x
(Rawak Software, Germany).

Wound healing

Cells (1 x 10* per well of 6-well plates) in
different groups were cultured to reach about
90% confluence. The cells were cultured in the
absence of serum before the commence of for-
mal experiment. The plates were scratched by
a pipette tip to create an artificial wound, and
floating cells were removed by phosphate buf-
fered solution (PBS, A610100, Sangon, China).
At 0 h and 24 h, the migration rates were
observed under a light microscope (100 x) and
calculated by Image J2x.

Invasion assay

Cells (2 x 10* per well of 6-well plates) in
different groups resuspended in the
serum-free medium and then transferred into
the upper Transwell chamber precoated with
Matrigel (354,480, Coring, USA), while medium
containing 10% FBS was added to the corre-
sponding lower Transwell chamber. Following
the incubation of cell for 48 h, non-invaded
cells were removed, while the invaded cells
into the bottom of the inserts were fixed by
4%  paraformaldehyde (E672002, Sangon,
China) for 15 minutes (min) [21] and stained
with 0.1% crystal violet (C0121, Beyotime,
China) for 20 min at room temperature. The
invasion rates were determined using an optical
microscope (250x).

were

Enzyme-linked immunosorbent assay (ELISA)

Human Vascular Endothelial Growth Factor
(VEGF) ELISA kit (#)KkHGO0111, ThermoFisher,
USA) was applied to determine the contents of
VEGEF in the supernatant of PTC cells according
to the instructions. Briefly, the treated cells
were diluted as required and added to the 96-
well plates pre-coated with anti-VEGF antibody.
The detection antibody was added to the plates

to bind to the immobilized antigen. After wash-
ing, streptavidin-HRP was applied to bind to
the detection antibody. Subsequently, the liquid
in the 96-well plate was discarded, and the color
reagent was used for the color development for
10 min. Stop solution was employed to termi-
nate the reaction. The absorbance at 450 nm
was read by a multi-detection reader
(SpectraMax5, Molecular Devices, USA).

Tube formation assay

Each well of 96-well plates containing 50 pL
melted Matrigel (354,230, Corning, USA) was
placed in an incubator for the solidification.
Human Umbilical Vein Endothelial Cells
(HUVECs, CBP60340, COBIOER, China) were
seeded into the plate at 2 x 10* cells per well.
The supernatant of PTC cells transfected with
different oligonucleotide sequences or vectors
was incubated with HUVECs for 4 h. The
branching points were observed under an opti-
cal microscope (100x) and counted by
Image]2x.

Animals

Female BALB/c nude mice (6 wk old, 18-20 g)
were purchased from Guangdong Medical
Experimental Animal Center (http://www.
gdmlac.com.cn/) and raised in Hunan
Provincial People’s Hospital, First Affiliated
Hospital of Hunan Normal University Central
Animal Laboratory at the temperature of 21 + 2
°C at 50% humidity. Under specific pathogen-
free conditions, the mice were given free access
to food and water. Animal experiments were
supported by Hunan Provincial People’s
Hospital, First Affiliated Hospital of Hunan
Normal University Animal Ethics Committee
with the reference number J201910025.

The nude mice were randomly divided into
NC group and LIFR-AS1 group, with 8 mice in
each group. IHH4 or TPC-1 cells (2 x 10° cells
for each cell) transfected with empty vector or
LIFR-AS1 overexpression vector were
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subcutaneously injected into the right flanks of
nude mice. The volume of the tumor was
weekly measured. Until the fourth week, the
nude mice were sacrificed by anesthetic over-
dose (i.e. mice received an intraperitoneal injec-
tion of pentobarbital sodium (P0500000, Merck,
German) at a dose of 250 mg/kg [22]). The
volume and weight of the tumor were deter-
mined after the removal of the tumor.

In situ hybridization (ISH) for miR-31-5p
expression

In situ hybridization for miR-31-5p was executed
based on the protocol of the miRCURY LNA
miRNA ISH kit (339,450, hybridization buffer,
Exiqon Inc., Denmark). Briefly, 7-pm-thick forma-
lin-fixed, paraffin-embedded tissue sections were
deparaffinized, rehydrated in a descending series
of ethanol, and pretreated in a microwave with
citrate buffer (ab64214, Abcam, UK) at high
power for 20 min. All the sections were then
rinsed, kept in a humidified chamber, and prehy-
bridized at 45°C with 1x miRCURY LNA miRNA
ISH. A digoxigenin-labeled LNA-modified miR-
31-5p DNA probe (339,112, Exiqon Inc,
Denmark) was used at a concentration of 40 nM
in hybridization buffer and hybridized at 50°C
overnight.  Digoxigenin-labeled probes were
detected by Antidigoxigenin Fab antibody frag-
ments conjugated with alkaline phosphatase.
Images were captured under a fluorescent micro-
scope (IX51, Olympus) under x200 magnification
following staining.

Dual-luciferase reporter assay

The relationship between miR-31-5p and LIFR-
AS1/SIDT2 was predicted by LncBase (http://caro
lina.imis.athena-innovation.gr/diana_tools/web/
index.php?r=Incbasev2%2Findex-predicted) or
TargetScan  (http://www.targetscan.org/vert_72/),
and their relationships were confirmed by Dual-
Luciferase Reporter Assay System (E1910,
Promega, USA). We constructed pmirGLO-LIFR-
AS1-WT, pmirGLO-LIFR-AS1-MUT, pmirGLO-
SIDT2-WT, pmirGLO-SIDT2-MUT by the utiliza-
tion of the pmir-GLO System (VT1439, Youbio,
China). PmirGLO- LIFR-AS1-WT/pmirGLO-LIFR
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-AS1-MUT and miR-31-5p M/MC or pmirGLO-
SIDT2-WT/pmirGLO-SIDT2-MUT and miR-31-
5p M/MC were co-transfected into cells by lipo-
fectamine 3000 reagent and then cells were incu-
bated for 24 h. After that, the luciferase activity
was measured by Cellometer Auto 2000 Cell
Viability Counter (Nexcelom, USA).

RNA-Pull down assay

RNA-Pull down was analyzed by a Pierce
Magnetic RNA Pull-Down Kit [23,24]. In short,
PTC cells were plated into 6-well plates at 2 x 10*
cells/well and transfected with biotinylated miR-
31-5p mimic for 24 h. The streptavidin-coated
magnetic beads were added to the lysates of total
cell to pull-down biotin-captured miR-31-5p-
bound RNA complex. The mRNA expression of
LIFR-AS1 was detected by qPCR.

Western blot

Western blot was performed according to the
guidelines of Alegria-Schaffer et al. [25]. The pro-
tein sample was extracted from IHH-4 or TPC-1
cells by Protein Extraction Kit (BC3710, Solarbio,

Table 2. Correlation of LIFR-AS1 expression with clinicopatholo-
gical features in PTC.

IncRNA LIFR-AS1 expression

Variable Low High P value
Age 0.575
<45 14 16

>45 12 10

Gender 0.578
Female 15 13

Male 1 13

Tumor size 0.026
<2 cm 8 16

22 cm 18 10

TNM stage 0.397
-1l 17 14

n-1v 9 12

Primary tumor 0.158
T1-T2 18 13

T3-T4 8 13

Lymphatic metastasis 0.011
Yes 20 1"

No 6 15

Extrathyroidal extension 0.780
Yes 1" 12

No 15 14

Multicentricity 0.139
Yes 6 1"

No 20 15
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Figure 1. LIFR-AS1 expression was downregulated in PTC tissues and cell lines and it regulated cell viability and proliferation of PTC
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(a) LIFR-AS1 expression in THCA (n = 512) and normal (n = 337) was detected by TCGA (https://cancergenome.nih.gov/). P < 0.05. (b)
LIFR-AS1 expression in adjacent and PTC tissues (n = 52) was examined by qRT-PCR. GAPDH was used as internal control. P = 0.001.
(c) LIFR-AST expression in human thyroid follicular epithelial cell line Nthy-ori3-1 and human PTC cell lines was examined by gRT-
PCR. GAPDH was used as internal control. (d) LIFR-AST expression in five groups of IHH-4 and TPC-1 cells was examined by qRT-PCR.
GAPDH was used as internal control. (e) Effects of sh-LIFR-AS1 or LIFR-AST overexpression on cell viability at 24 hours, 48 hours and
72 hours were detected by MTT assay. (f-g) Colony formation assay showed the colony formations in cells of five groups of IHH-4
and TPC-1 cells. Quantified values were mean + standard deviation of at least three independent experiments. The cells of our
experiment were divided into the following five groups: control group (PTC cells were normally cultured), shNC group (PTC cells
were transfected with sh-NC vector), sh-LIFR-AS1 group (PTC cells were transfected with sh-LIFR-AS1 vector), NC group (PTC cells
were transfected with pcDNA3.1+ vector), and LIFR-AS1 group (PTC cells were transfected with LIFR-AS1 overexpression

vector).® P < 0.001 vs. Nthy-ori3-1 group. *P < 0.05, **P < 0.01, ***P < 0.001 vs. sh-NC group. "P < 0.05,

AAN

P < 0.001 vs. NC

group.THCA: Thyroid Carcinoma. PTC: Papillary Thyroid Carcinoma. TCGA: The Cancer Genome Atlas. gRT-PCR: quantitative reverse
transcription polymerase chain reaction. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase. NC: negative control. Sh: short hairpin
RNA. MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

China) and quantified by BCA kit (P0012,
Beyotime, China). Then the proteins were sepa-
rated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred
onto  polyvinylidene  fluoride = membrane
(ISQE00010, Solarbio, China). The membrane
was blocked by 5% BSA (E661003, Sangon,
China) for 1 h and then reacted with primary
antibodies including those against SIDT2 (1:1000,
94 kDa, ab85847, Abcam, UK) and GAPDH
(1:10,000, 36 kDa, ab181602, Abcam, UK) at 4°C
overnight, followed by the incubation with second-
ary antibodies goat anti-rabbit (1:5000, ab6721,
Abcam, UK) for 2 h. The protein bands were
developed and visualized by iBright CL750
(Thermo Fisher, USA) with an ECL luminescence
reagent (C510045, Sangon, China). The relative
expressions of proteins were counted by
Image]2x (Rawak Software, Germany). GAPDH
was used as an internal control.

Statistical analysis

The expression of LIFR-AS1 in Thyroid
Carcinoma (THCA) (n = 512) and normal samples
(n = 337) was detected by The Cancer Genome
Atlas (TCGA, https://cancergenome.nih.gov/). All
data were analyzed by Graph Prism v8.0
(Graphpad software, California, USA) and SPSS
20.0 (SPSS, Chicago, USA) and represented as
mean * standard deviation. The chi-square test
was used to assess the difference in LIFR-AS1
expression among the subgroups. Expressions of
LIFR-AS1 or miR-31-5p or SIDT2 in PTC and
adjacent tissues were analyzed by paired sample

t test. The correlation between LIFR-AS1 and miR-
31-5p was analyzed by Pearson correlation test.
Differences between multiple groups were ana-
lyzed by one-way analysis of variance and Tukey
was employed for pairwise comparisons between
groups. P < 0.05 was accepted to be statistically
significant.

Results

LIFR-AS1 expression was suppressed in PTC tis-
sues and cell lines and modulated biological func-
tions of PTC cells.

As shown in Table 2, LIFR-AS1 overexpres-

sion was correlated with both tumor size
(P = 0.026) and lymphatic metastasis
(P = 0.011). Based on the analysis on the

expression of LIFR-AS1 in the TCGA-THCA
database, we found that LIFR-AS1 expression
was suppressed in THCA (Figure 1(a),
P < 0.05). Similarly, compared with adjacent
tissues and human thyroid follicular epithelial
cell line Nthy-ori3-1, the expression of LIFR-
AS1 was downregulated in PTC tissues
(Figure 1(b), P = 0.001) and cell lines
(Figure 1(c), P < 0.001). TPC-1 and IHH-4
were selected for follow-up studies for their
relatively low expression of LIFR-ASI. To
explore the role of LIFR-AS1 in PTC, we trans-
fected sh-LIFR-AS1 and LIFR-AS1 overexpres-
sion vector into cells and determined the
transfection efficiency (Figure 1(d), P < 0.01).
Although, the cell viability did not change sig-
nificantly at 24 h after transfection, that of sh-
LIFR-AS1 group began to increase at 48 h after
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Figure 2. LIFR-AS1 regulated migration and invasion of PTC cells.

(a-b) The migration rates in cells of five groups were determined by wound healing assay (magnification, 100x). Scale bar = 50 pum.
(c—d) The invasion rates in five groups were determined by Transwell assay (magnification, 250x). Scale bar = 50 um. Quantified
values were mean + standard deviation of at least three independent experiments. The cells of our experiment were divided into the
following five groups: control group (PTC cells were normally culturedcultured), shNC group (PTC cells were transfected with sh-NC
vector), sh-LIFR-AS1 group (PTC cells were transfected with sh-LIFR-AS1 vector), NC group (PTC cells were transfected with pcDNA3.1
+ vector), and LIFR-AS1 group (PTC cells were transfected with LIFR-AS1 overexpression vector).**P < 0.01, ***P < 0.001 vs. sh-NC
group. ""P < 0.01, *"P < 0.001 vs. NC group. PTC: Papillary Thyroid Carcinoma. NC: negative control. Sh: short hairpin RNA.
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Figure 3. LIFR-AS1 regulated the content of VEGF in supernatant of PTC cells and angiogenesis of HUVECs.

(a) ELISA determined the content of VEGF in the supernatant in cells of five groups of PTC cells. (b—c) Tube formation assay showed
the branching points in five groups of PTC cells (magnification, 100x). Scale bar = 50 pm. Quantified values were mean + standard
deviation of at least three independent experiments. The cells in our experiment were divided into the following five groups: control
group (PTC cells were normally cultured), shNC group (PTC cells were transfected with sh-NC vector), sh-LIFR-AS1 group (PTC cells
were transfected with sh-LIFR-AS1 vector), NC group (PTC cells were transfected with pcDNA3.1+ vector), and LIFR-AS1 group (PTC
cells were transfected with LIFR-AS1 overexpression vector).*P < 0.05, **P < 0.01 vs. sh-NC group. ""P < 0.01, """P < 0.001 vs. NC
group. VEGF: vascular endothelial growth factor. PTC: Papillary Thyroid Carcinoma. HUVECs: Human Umbilical Vein Endothelial Cells.

ELISA: Enzyme-linked immunosorbent assay. NC: negative control. Sh: short hairpin RNA.

transfection. Meanwhile, 72 h after transfection,
the cell viability of LIFR-AS1 group was signif-
icantly reduced (Figure 1(e), P < 0.05). For cell
proliferation, migration and invasion of PTC
cells, the silencing on LIFR-ASI via the trans-
fection of sh-LIFR-AS1 promoted colony for-
mations, migration, and invasion rates, while
LIFR-AS1  exerted the opposite effects
(Figure 1(f,g) and 2(a-d), P < 0.01).
Additionally, the content of VEGF in the super-
natant of PTC cells and the angiogenesis of
HUVECs was increased by sh-LIFR-AS1 but
attenuated by the overexpression on LIFR-ASI1
(Figure 3(a-c), P < 0.05).

LIFR-AS1 suppressed tumorigenesis and regu-
lated miR-31-5p expression and cell viability by
targeting miR-31-5p, which was upregulated in
PTC tissues.

The role of LIFR-ASI in PTC has been then
verified in vivo. Compared with NC group, the
overexpression of LIFR-AS1 reduced the tumor
volume and weight (Figure 4(a-f), P < 0.05).
The expression of LIFR-ASI in tumor tissues
of mice injected with LIFR-ASI overexpressing
cells was significantly higher than that of mice
in the control group (Figure 4(g), P < 0.01).
The targeting relationship between LIFR-AS1
and miR-31-5p was predicted by bioinformatics
methods (Figure 4(h)) and verified by the dual-
luciferase reporter assay (Figure 4(i), P < 0.001)
and RNA pull-down assay (Figure 4(j),
P < 0.01). In addition, the level of miR-31-5p
was increased in sh-LIFR-AS1 group but was
reduced in LIFR-ASI group, pointing to their
targeted relationship once again (Figure 4(k),
P < 0.01). We also found that miR-31-5p was
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(a-f) Tumors were obtained from nude mice (n = 8 for each group) whose right flanks were subcutaneously injected with IHH4 or
TPC-1 cells transfected with empty vector or LIFR-AST overexpression vector. The tumor volume and weight were measured. (g) LIFR-
AST expression in tumors of nude mice was determined by qRT-PCR. GAPDH was used as internal control. (h) The binding site
between LIFR-AS1 and miR-31-5p was predicted by LncBase (http://carolina.imis.athena-innovation.gr/diana_tools/web/index.php?r=
Inchbasev2%2Findex-predicted). (i) Luciferase activity in PTC cells co-transfected with LIFR-AST WT/MUT and miR-31-5p M or MC was
determined by the Dual-Luciferase Reporter Assay. (j) The targeting relations of LIFR-AS1 and miR-31-5p were confirmed by RNA pull-
down assay. Endogenous LIFR-AST was enriched specifically in miR-31-5p probe detection compared with control group. (k) the
expression level of miR-31-5p in PTC cells transfected with sh-NC, sh-LIFR-AS1, NC or LIFR-AST overexpression vector was tested by
gRT-PCR. U6 was used as internal control. Quantified values were mean + standard deviation of at least three independent
experiments.”"P < 0.05, “"P < 0.01, """P < 0.001 vs. NC group. *#P < 0.001 vs. MC group. **P < 0.01, **P < 0.001 vs. sh-NC
group. &&p < 0.001 vs. Bio-NC group.WT:wild type. MUT: mutant. M: mimic. MC: mimic control. qRT-PCR: quantitative reverse
transcription polymerase chain reaction. NC: negative control. Sh: short hairpin RNA. PTC: Papillary Thyroid Carcinoma. GAPDH:
Glyceraldehyde-3-phosphate dehydrogenase.
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(a) miR-31-5p expression in PTC and adjacent tissues (n = 52) was tested by qRT-PCR. U6 was used as internal control. P = 0.001. (b)
The correlation between LIFR-AS1 and miR-31-5p was analyzed by Pearson correlation test. r = —0.437, P = 0.001. () In situ
hybridization (ISH) for miR-31-5p expression. (d) The transfection efficiency of miR-31-5p M or | in PTC cells were determined by gRT-
PCR. U6 was used as internal control. (e) Expression of miR-31-5p in four groups of PTC cells was determined by gRT-PCR. U6 was
used as internal control. (f) MTT showed the cell viability at 24 hours, 48 hours and 72 hours in four groups of PTC cells. The cells in
our experiment were divided into the following four groups: NC + MC group (PTC cells were co-transfected with empty vector and
miR-31-5p MC), NC + M group (PTC cells were co-transfected with empty vector and miR-31-5p M), LIFR-AS1 + MC group (PTC cells
were co-transfected with LIFR-AST overexpression vector and miR-31-5p MC) and LIFR-AST + M group (PTC cells were co-transfected
with LIFR-AS1 overexpression vector and miR-31-5p M). Quantified values were mean + standard deviation of at least three
independent experiments.*P < 0.05, **P < 0.01, ***P < 0.001 vs. NC + MC group. *P < 0.05, *P < 0.05, #*P < 0,001 vs. NC +
M group. “"P < 0.01, **"P < 0.001 vs. LIFR-AS1 + MC group. ¥*P < 0.001 vs. MC group. 5P < 0.05 vs. IC group.PTC: Papillary Thyroid
Carcinoma. qRT-PCR: quantitative reverse transcription polymerase chain reaction. M: mimic. MC: mimic control. NC: negative control.
Sh: short hairpin RNA. MTT: 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide. I: inhibitor. IC: inhibitor control.
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Figure 6. The targeting relationship between SIDT2 and miR-31-5p and SIDT2 expression in PTC tissues and cells.

(a) The binding site of SIDT2 and miR-31-5p was predicted by Targetscan (http://www.targetscan.org/vert_72/). (b) Luciferase activity
in PTC cells co-transfected with SIDT2 WT/MUT and miR-31-5p M or MC was determined by Dual-Luciferase Reporter Assay. (c) SIDT2
expression in PTC and adjacent tissues (n = 52) was detected by qRT-PCR. GAPDH was used as internal control. P = 0.001. (d) SIDT2
expression in four groups of PTC cells was determined by qRT-PCR. GAPDH was used as internal control. (e-f) Western blot showed
the protein levels of SIDT2 in four groups of PTC cells. GAPDH was used as internal control. Quantified values were mean + standard
deviation of at least three independent experiments. The cells in our experiment were divided into the following four groups: NC +


http://www.targetscan.org/vert_72/

CELL CYCLE (&) 2631

MC group (PTC cells were cotransfected with empty vector and miR-31-5p MC), NC + M group (PTC cells were cotransfected with
empty vector and miR-31-5p M), LIFR-AS1 + MC group (PTC cells were cotransfected with LIFR-AST overexpression vector and miR-31-
5p MC) and LIFR-AST + M group (PTC cells were cotransfected with LIFR-AS1 overexpression vector and miR-31-5p M).¥P < 0.01 vs.
MC group. *P < 0.05, **P < 0.01, ***P < 0.001 vs. NC + MC group. **P < 0.001 vs. NC + M group. *""P < 0.001 vs. LIFR-AS1 + MC
group. SIDT2: SID1 transmembrane family member 2. PTC: Papillary Thyroid Carcinoma. WT: wild type. MUT: mutant. M: mimic. MC:
mimic control. gRT-PCR: quantitative reverse transcription polymerase chain reaction. GAPDH: Glyceraldehyde-3-phosphate dehy-
drogenase. NC: negative control. MC: mimic control. IC: inhibitor control. M: mimic. I: inhibitor.

high-expressed in PTC tissues compared with
adjacent tissues (Figure 5(a), P = 0.001).
Moreover, miR-31-5p was negatively correlated
with LIFR-AS1 (Figure 5(b), r = -0.437,
P = 0.001). In order to better understand miR-
31-5p expression, we detected miR-31-5p
expression in situ. The results showed that
miR-31-5p was overexpressed in PTC group
compared to adjacent group (Figure 5(c)). To
further explore the role of miR-31-5p in PTC
cells, we transfected M and I of miR-31-5p and
verified their transfection efficiency (Figure 5
(d), P < 0.05). The content of miR-31-5p was
reduced by LIFR-ASI overexpression and was
increased by miR-31-5p M, while these effects
were reversed by the co-transfection of LIFR-
AS1 and miR-31-5p M (Figure 5(e), P < 0.05).
Starting from 48 h after the transfection, miR-
31-5p M promoted cell viability, and 72 h after
the transfection, LIFR-AS1 overexpression
inhibited cell viability (Figure 5(f), P < 0.05).
The regulatory effects of miR-31-5p M and
overexpressed LIFR-AS1 on cell viability were
counteracted by co-transfection of LIFR-ASI
overexpression vector and miR-31-5p
M (Figure 5(f), P < 0.05).

SIDT?2 was the target gene of miR-31-5p and its
expression was downregulated in PTC tissues and
regulated by LIFR-AS1 and miR-31-5p.

We verified that SIDT?2 is the target gene of miR-
31-5p through bioinformatics analysis and dual-
luciferase reporter assay (Figure 6(a,b), P < 0.01).
Also, SIDT2 was confirmed to be low-expressed in
PTC tissues (Figure 6(c), P = 0.001). The mRNA and
protein levels of SIDT2 were downregulated in NC +
M group but upregulated in LIFR-AS1 + MC group,
whereas these regulations were neutralized by co-
transfection of LIFR-AS1 overexpression vector and
miR-31-5p M (Figure 6(d-f), P < 0.05).

MiR-31-5p regulated cell biological functions by
targeting SIDT?2.

To figure out the role of SIDT2 in PTC,
siSIDT2/siNC and miR-31-5p I/IC were trans-
fected into cells. As expected, the expression of
SIDT2 was upregulated by miR-31-5p I and
downregulated by silencing of SIDT2, while
these effects were reversed by co-transfection of
siSIDT2 and miR-31-5p I (Figure 7(a-c),
P < 0.05). For TPC-1 cells, silencing of SIDT2
promoted cell viability at 48 h after transfection
(Figure 7(d), P < 0.01). 72 h after transfection,
the viability of both cell lines was promoted by
silencing of SIDT2 and inhibited by miR-31-5p
I (P < 0.01). However, the effects of siSIDT2 or
I on cell viability were reversed by co-
transfection of siSIDT2 and miR-31-5p
I (P < 0.01). The biological functions of PTC
cells, including clone formation (Figure 7(e,f),
P < 0.01), migration (Figure 8(a,b), P < 0.001),
invasion (Figure 8(c,d), P < 0.001), the secretion
of VEGF (Figure 9(a), P < 0.01), and the angio-
genesis of HUVECs (Figure 9(b,c), P < 0.05),
were all suppressed by miR-31-5p I but pro-
moted by silencing of SIDT2. Moreover, these
effects were all reversed by co-transfection of
siSIDT2 and I (P < 0.05).

Discussion

The crucial roles of IncRNAs in thyroid cell pro-
liferation, carcinogenesis and metastasis allow
IncRNAs to serve as potential targets for thyroid
diagnosis, prognosis and targeted therapy. In our
study, we proved the regulatory role of LIFR-AS1
in PTC through experiments in vivo and in vitro,
and demonstrated the impact of LIFR-ASI on the
biological behaviors of PTC cells from the perspec-
tive of ceRNA.
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Figure 7. Co-transfection of siSIDT2 and miR-31-5p | regulated SIDT2 expression, cell viability and proliferation.

(a—c) Western blot and qRT-PCR showed the expression of SIDT2 in four groups of PTC cells. GAPDH was used as internal control. (d) MTT
showed the cell viability at 24 hours, 48 hours and 72 hours in four groups of PTC cells. (e—f) Colony formation assay showed the relative
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colony formations in four groups of PTC cells. Quantified values were mean + standard deviation of at least three independent
experiments. The cells in our experiment were divided into the following four groups: siNC + IC group (PTC cells were cotransfected
with siNC and miR-31-5p IC), siNC + | group (PTC cells were cotransfected with siNC and miR-31-5p 1), siSIDT2 + IC group (PTC cells
were cotransfected with siSIDT2 and miR-31-5p IC) and siSIDT2 + | group (PTC cells were cotransfected with siSIDT2 and miR-31-5p ).
**p < 0,01, ***P < 0.001 vs. siNC + IC group. P < 0.01, P < 0.001 vs. siNC + | group. "P < 0.05, *"P < 0.01, **"P < 0.001 vs. siSIDT2
+ IC group.SiSIDT2: silencing SID1 transmembrane family member 2. Linhibitor. qRT-PCR: quantitative reverse transcription polymer-
ase chain reaction. PTC: Papillary Thyroid Carcinoma. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase. NC: negative control. IC:

inhibitor control. MTT:3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.

We first discovered the low expression of LIFR-
AS1 in THCA through the bioinformatics analysis,
and the molecular biological experiments were
employed to verify the results. To further unveil and
elaborate the role of LIFR-AS1 in PTC cells, we trans-
fected the cells with LIFR-ASI1 overexpression vector
and sh-LIFR-ASI to overexpress or silence LIFR-ASI,
respectively. Based on a series of functional experi-
ments, we found that the silencing of LIFR-AS1 pro-
moted cell viability, proliferation, migration and
invasion of PTC cells, while LIFR-AS1 overexpression
exerted the opposite effects to sh-LIFR-ASI.

Tumor growth, invasion and metastasis are
affected by many factors, among which angiogenesis
is one of the pivotal factors [26]. The blood vessels
within the tumors provide the nutrients for growth
of the tumor, and promote the spread of the tumor
[27]. The proliferation and metastasis of PTC are
closely related to the formation of new blood vessels
[28]. After the secretion by cancer cells, VEGF binds
to the receptor so as to form a dimer, which could
enhance the proliferation of vascular endothelial
cells, promote blood vessel formation and blood
vessel permeability [29,30]. Osamu Tohyama et al.
reported that Lenvatinib inhibits the angiogenesis of
tumor by blocking the VEGF signaling pathway and
exerts anti-tumor activity in thyroid cancer [21]. In
our study, overexpressed LIFR-AS1 also suppressed
the secretion of VEGF and the angiogenesis of
HUVECs, suggesting that development of PTC was
hindered by the overexpression of LIFR-ASI.
Additionally, we conducted the nude mouse xeno-
graft experiment, the results of which further illu-
strated that the overexpression of LIFR-AS1
inhibited tumor growth.

In the ceRNA hypothesis, IncRNAs adsorb
miRNAs. Hence, we determined that LIFR-ASI
targets miR-31-5p. Hong Peng et al. pointed out
that miR-31-5p promotes the development of
colorectal cancer cells by targeting NUMB

[31]. A study on oral cancer showed that miR-
31-5p can accelerate the growth of oral cancer
cells and can be used as a therapeutic target for
oral cancer [32]. Furthermore, miR-31-5p can
be adsorbed by LINC01234 in liver cancer cells,
leading to the regulation of downstream target
gene MAGEA3 on the proliferation and drug
resistance of cancer cells [33]. The regulatory
roles of miR-31-5p in many cancers and its
abnormally high expression in PTC tissues sug-
gest the role of miR-31-5p in the development
of PTC. In addition, the co-transfection of
LIFR-AS1 and miR-31-5p M reversed their
effects on the viability of PTC cell, indicating
that LIFR-ASI has anticancer effects on PTC by
targeting miR-31-5p.

Subsequently, we identified SIDT2 as the target
gene of miR-31-5p. SIDT2 is a lysosomal mem-
brane protein, though its specific function
remains unclear, it may be implicated in its the
mediation on the translocation of RNA from the
cytoplasm to the lysosome for degradation [34]. It
has been found that SIDT2 participated in the
development of lung and gastrointestinal tumors
through RNautophagy [35]. Xin Chang et al. also
identified that SIDT2 may be a prognostic marker
of pancreatic ductal adenocarcinoma through
bioinformatics analysis [36]. In our study,
SIDT?2 expression was downregulated in PTC tis-
sues. Moreover, silencing of SIDT2 promoted the
biological behaviors of cancer cells and aggra-
vated the development of tumors in PTC. These
effects were reversed by co-transfection of
siSIDT2 and miR-31-5p I, indicating that miR-
31-5p regulated the development of PTC by tar-
geting SIDT2.

Our research highlighted the role of LIFR-
AS1 in PTC for the first time and fully clarified
the mechanism of LIFR-AS1/miR-31-5p/SIDT2
axis in regulating the proliferation, migration
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(a-b) The migration rates in four groups were determined by wound healing assay (magnification, 100x). Scale bar = 50 pm. (c—d)
The invasion rates in four groups were determined by Transwell assay (magpnification, 250x%). Scale bar = 50 um. Quantified values
were mean * standard deviation of at least three independent experiments. The cells in our experiment were divided into the
following four groups: siNC + IC group (PTC cells were cotransfected with siNC and miR-31-5p IC), siNC + | group (PTC cells were
cotransfected with siNC and miR-31-5p 1), siSIDT2 + IC group (PTC cells were cotransfected with siSIDT2 and miR-31-5p IC) and
siSIDT2 + | group (PTC cells were cotransfected with siSIDT2 and miR-31-5p 1).***P < 0.001 vs. siNC + IC group. *P < 0.05, ¥P < 0.01,
##p < 0.001 vs. SINC + | group. “""P < 0.001 vs. siSIDT2 + IC group. SiSIDT2: silencing SID1 transmembrane family member 2. I:
inhibitor. NC: negative control. IC: inhibitor control.
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Figure 9. Co-transfection of siSIDT2 and miR-31-5p | regulated the contents of VEGF in supernatant of PTC cells and angiogenesis of
HUVEGs.

(@) ELISA determined the content of VEGF in supernatant of four groups of PTC cells. (b-c) Tube formation assay showed the
branching points in four groups of PTC cells (magnification, 100x). Scale bar = 50 um. Quantified values were mean + standard
deviation of at least three independent experiments. The cells in our experiment were divided into the following four groups: siNC +
IC group (PTC cells were cotransfected with siNC and miR-31-5p IC), siNC + | group (PTC cells were cotransfected with siNC and miR-
31-5p 1), siSIDT2 + IC group (PTC cells were cotransfected with siSIDT2 and miR-31-5p IC) and siSIDT2 + | group (PTC cells were
cotransfected with siSIDT2 and miR-31-5p 1).*P < 0.05, **P < 0.01, ***P < 0.001 vs. siNC + IC group. P < 0.01, #*P < 0.001 vs. siNC +
I group. "P < 0.05 vs. siSIDT2 + IC group. SiSIDT2: silencing SID1 transmembrane family member 2. I: inhibitor. NC: negative control.
IC: inhibitor control. VEGF: vascular endothelial growth factor. PTC: Papillary Thyroid Carcinoma. HUVECs: Human Umbilical Vein
Endothelial Cells. ELISA: Enzyme-linked immunosorbent assay.
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and invasion of PTC cells and the angiogenesis
of HUVEGCs, providing a theoretical basis for
the gene therapy with PTC.
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